Introduction: Currently, no therapeutic intervention is universally accepted, and the most effective management for restoring motion and diminishing pain in patients with shoulder stiffness has yet to be defined. This systematic review analyses outcomes of conservative and surgical interventions to treat shoulder stiffness.
Introduction
Shoulder stiffness is a most common problem in general practice, and its incidence is estimated to be 2-5%. 1 Codman stated that shoulder stiffness is condition difficult to define, difficult to treat, and difficult to explain. 2 The members of the Upper Extremity Committee of ISAKOS have recently produced a consensus statement on the definition of this pathology. 3 The term 'stiff shoulder', according to the authors, should be used to describe all patients who present with restricted range of motion (ROM).
Frozen shoulder, instead, should be used if no findings on history, examination or imaging can explain the onset of the disease. If the aetiology is known, the term 'Secondary stiff shoulder' should be used. The authors do not support the use of the term 'Adhesive capsulitis', as no real adhesions can be observed. Shoulder stiffness can be classified according to the involved structure: intra-articular (i.e. capsule and synovium), extra-articular (i.e. rotator cuff muscles and tendons), neurological, or arising from other remote causes (e.g. burns, heterotopic ossification, contracture, etc.). Shoulder stiffness has been considered as a self-limiting condition with a natural history lasting 2-3 years, but patients with persistent refractory course, unresponsive to conservative treatment, have also been reported. 4 Affected patients are characterized by spontaneous onset of pain with significant restriction of both active and passive ROM of the shoulder. 5 Severe pain can be expected, especially at night. 5 In shoulder stiffness, the capsule is thickened, and becomes noncompliant and contracted, preventing the normal movement of the shoulder. This causes the scapula to move excessively in upward rotation to compensate for the loss of glenohumeral rotation. 6, 7 Active fibroblastic proliferation accompanied by some transformation to myofibroblasts has been reported. The fibroblasts lay down collagen that appears as a thick nodular band or fleshy mass, with no inflammation and no synovial involvement. 8 The contracture acts as a checkrein against external rotation, causing a loss of both active and passive movement. 8 Currently, no therapeutic intervention is universally accepted, and the most effective management to restore motion and diminish pain in patients with shoulder stiffness has yet to be defined. The first objective in the treatment of shoulder stiffness is to relieve pain, allowing the patient to perform the appropriate exercise programme to improve motion and function. 9 Pain-relieving methods include nonsteroidal anti-inflammatory medications, corticosteroid injections or transcutaneous electrical nerve stimulation (TENS). [10] [11] [12] [13] [14] It is currently unclear whether there is a difference in the clinical effectiveness of arthroscopic capsular release compared to manipulation under anaesthesia in patients with recalcitrant shoulder stiffness. Arthroscopic capsular release carries the risk of damage to the normal structures, as the adhesions may make it difficult to differentiate between them. 15 Systematic reviews report the effectiveness of conservative and surgical interventions in patients with shoulder stiffness, [16] [17] [18] [19] but a better understanding of the pathology, recent evolution and improvement of surgical management, especially if arthroscopic, may have improved the effectiveness of this type of management for shoulder stiffness. 3, 20 The present systematic analyses the outcomes of conservative and surgical interventions to treat the shoulder stiffness.
Materials and methods
A systematic review of the literature was performed according to the PRISMA guidelines with a PRISMA checklist and algorithm. 21, 22 The search algorithm according to the PRISMA guidelines is shown in Figure 1 . A comprehensive search of PubMed, Medline, CINAHL, Cochrane, Embase, Ovid and Google Scholar databases using various combinations of the keywords 'shoulder', 'shoulder stiffness', 'stiff shoulder', 'conservative', 'capsular distention', 'brisement', 'manipulation', 'surgery', 'arthroscopic', 'capsular release', 'open', 'lysis', since inception of databases to June 2018 was performed. Three independent reviewers (U.G.L., J.L. and M.C.) separately conducted the search. All journals were considered, and all relevant studies were analysed. To qualify for the study, an article had to be published in a peer-reviewed journal. All articles were initially screened for relevance by title and abstract, excluding articles without an abstract, and obtaining the full-text article if the abstract did not allow the investigators to assess the defined inclusion and exclusion criteria. Three investigators (U.G.L., J.L. and M.C.) separately reviewed the abstract of each publication, and then read all the articles and extracted the relevant data, to minimize selection bias and errors. A cross-reference search of the selected articles was also performed to obtain other relevant articles for the study. All articles reporting outcomes of conservative and surgical procedures for shoulder stiffness were taken into account.
According to the Oxford centre of EBM, level I to IV articles were found in the literature and included in our study. Given the linguistic capabilities of the authors, articles in English, French, Spanish, German and Italian were included.
We included articles which reported outcomes of conservative and surgical procedures for shoulder stiffness. All the articles had to give an appropriate description of the conservative or surgical procedure and follow-up period, and present at least one of the following clinical outcome scores (ASES, DASH, VAS, Constant) or improvement of ROM, and include a description of the complication rate. The outcome parameters reviewed were failure, need of surgery and clinical scores.
If the study did not respect these parameters, it was excluded from this systematic review. Literature reviews, case reports, studies on animals, cadavers or in vitro, biomechanical reports, technical notes, letters to editors and instructional courses were excluded. We also excluded articles with no information on surgical intervention, diagnosis, follow-up, imaging, arthroscopic, or surgical assessment, clinical examination, clinical post-operative outcomes and statistical analysis.
Finally, to avoid bias, the selected articles, the relative list of references, and the articles excluded from the study were reviewed, assessed, and discussed by all the authors. If there was disagreement among investigators regarding the inclusion and exclusion criteria, the senior investigators (N.M. and V.D.) made the final decision.
Demographics, previous surgery, imaging assessment, diagnosis, surgical or conservative management, complications, failure and outcome measurements were extracted independently by all the investigators.
Quality assessment
To assess the quality of the studies, the modified Coleman Methodology Score (CMS) was used. 23 The CMS assesses methodology using ten criteria, giving a total score between 0 and 100. A score of 100 indicates that the study largely avoids chance, various biases, and confounding factors. The subsections that compose the Coleman Methodology Score are based on the subsections of the CONSORT statement (for randomized controlled trials), and are modified to allow for other trial designs.
The Coleman criteria were modified to make them reproducible and relevant for the systematic review of shoulder stiffness. Each study was scored by two reviewers (U.G.L and J.L) independently and in duplicate for each of the criteria adopted (listed in Table 1 ) to give a total Coleman methodology score between 0 and 100. Disagreements were resolved by discussion.
Evaluation of the strength of recommendation and quality of evidence of this systematic review was conducted using GRADE (Grading of Recommendations Assessment, Development and Evaluation) assessment. 24, 25 We used GRADE to establish the quality of evidence through four factors: study design, study quality, consistency and directness. The combinations of these determine the quality of strength of recommendation which is given through a qualitative assessment of the evidence: high quality, moderate quality, low quality and very low quality.
Statistical analysis
We used Fisher's Exact test to establish whether the difference of percentage in terms of post-treatment failure was statistical relevant. A P value <0.05 was considered significant. A meta-analysis of clinical outcomes of the included studies could not be performed since most of the included studies did not report the standard deviation.
Results
The literature search and cross-referencing resulted in a total of 136 references, of which 67 were rejected because of failure to fulfil the inclusion criteria (Fig. 1) .
After reading the remaining full-text articles, other 24 articles were excluded because of insufficient details of clinical test and image used for the diagnosis, the type of treatment and outcome measures used.
Finally, 43 [11] [12] [13] [14] articles were included (Fig. 1 ).
Quality assessment
The mean value of the CMS score was 48.2 points, showing that the mean quality of included studies was fair. Detailed values of the Coleman score are reported in Table 2 . Interobserver agreement was found between mean values of CMS calculated by the three examiners. describing 3755 (82%) patients, did not provide further specifications of imaging assessment (Table 3) .
Diabetes, disease phase, compliance and previous treatment Twenty studies 28, 29, 31, 32, 37, 40, 41, 44, 48, 50, 52, [54] [55] [56] [57] [58] [59] 61, 63, 64 reported data about incidence of diabetes among the included patients. 204 (18%) of 1129 patients were affected. A surgical treatment was the treatment of choice for 116 (57%) patients, 28,32,40,44,52,54,57-59, 63,64 while a conservative modality was chosen for 77 (38%) patients 29, 31, 37, 48, 50, 55, 56, 61 ; for the remaining 11 (5%) patients, treatment was not specified. [11] [12] [13] [14] 26, 27, 30, [33] [34] [35] [36] 38, 39, [41] [42] [43] [45] [46] [47] 49, 51, 53, 60, 62 No data was reported for disease phase, compliance and previous treatment.
Conservative management
In 26 studies, [11] [12] [13] [14] 26, [29] [30] [31] 33, 34, [36] [37] [38] [39] 41, 42, [45] [46] [47] 51, 53, 55, 56, 60, 61 evaluating 3710 (81%) patients, conservative management for shoulder stiffness was reported. The conservative treatment varied among the included studies (Table 3) . Physiotherapy alone was chosen in 3309 (89%) patients. Oral glucocorticoids were administrated in 121 (3.3%) patients. 11, 29, 46, 51, 56 A total of 248 (6.7%) injections were performed: intra-articular and sub-acromial injections of low molecular-weight hyaluronic acid were administered to 52 (21%) patients 12 ; intra-articular corticosteroids to 159 (64%) patients 26, 30, 31, 33, 38, 47, 48, 51, 65 ; 37 (15%) patients underwent an intra-articular injections with lidocaine. 26, 30, 31, 33, 38, 48, 51 NSAIDs were also administered in 54 (1.5%) patients undergoing a conservative treatment, 36 a suprascapular nerve block was performed in 53 (1.4%) patients, 47 19 (0.5%) patients also received shock wave therapy 13 ; 21 (0.6%) patients received ultrasound-guided pulsed radiofrequency stimulation of the suprascapular nerve. 66 Complications for conservative management were reported: a vaso-vagal collapse following an intraarticular injection (0.4% of all intra-articular injections) and mild pain in 11 patients (4.4% of all intra-articular injections).
14,41
Surgical management (Table 3) . Complications for arthroscopic capsular release were reported: 3 (0.4%) patients had a post-operative infection; postoperative osteoarthritic changes requiring replacement prosthesis were reported in 2 (0.3%) patients; a delayed healing of the posterior portal, a diffuse brachial plexopathy and a post-operative haematoma were also reported in 1 (0.1%) patient, respectively. 27, 35, 44, 58, 63, 64 Manipulation under general anaesthesia was performed in 80 (8.9%) patients. 41, 48, 50 In one study, including 30 patients undergoing manipulation under general anaesthesia, local synovitis was observed in 22 (73%) patients, an acute rupture of the capsule in 29 (97%), a localized detachment of the anterior labrum in 4 (13%), a rupture of the long head of the biceps tendon in 3 (10%), a partial rupture of the superior or medial glenohumeral ligament, a partial tear of the subscapularis tendon and a SLAP I lesion, respectively, in Prospective case series (IV) 26 (28) 50 ( 
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Radiography
19.7 months (1.5-180), Arthroscopic capsulotomy Eight (11%) patients were seen with a recurrence of their pain and some minor stiffness limitations after they had been discharged from supervised treatment at a mean of 3.5 months (range 2-4.5 months). The ache at the time of representation was 5.6 out of
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Radiographs
Arthroscopic capsular release One diffuse brachial plexopathy. By eight weeks postoperatively, the neurologic symptoms were completely resolved.
2 (6.7%) patients, a SLAP II lesion and an anterior labral detachment with osteochondral fragment in 1 (3.3%) patient, respectively. 50 The remaining 25 patients (2.8%) underwent an arthroscopic distension. Rupture of the contracted tissues that did not require treatment was reported in 5 (20%) of these patients. 41 
Outcome measurements
Several outcome measures were reported in the included studies (Table 4) ; the Disabilities of the Arm, Shoulder and Hand (DASH) score was used in one study 11 ; the American Shoulder and Elbow Surgeons (ASES) score was used in three studies 11, 27, 62 ; the visual analogue scale (VAS) was reported in 12 studies. Other outcome measures reported were the Shoulder Disability Questionnaire, the Shoulder Pain and Disability Index (SPADI), the 36-item Short-Form Health Survey, the University of California at Los Angeles Shoulder Score, the Wolfgang's functional assessment score, the Oxford shoulder score. 13 12 Other two patients, treated with intra-articular injection of corticosteroids, showed a regression to pre-treatment ROM. 31 A quantitative synthesis of the including studies that compared surgical and conservative management for stiff shoulder was performed. The results showed that the rate of failure was higher after arthroscopic capsular release (3.6%) than after a conservative treatment (0.8%), odds ratio 5.02; 95% confidence interval [CI], 2.97-8.48; P = <0.005).
The quality of the evidence of studies which reported the rate of failure between surgical and conservative treatment group was low according to GRADE (Fig. 2) .
Discussion
This systematic review showed that the rate of failure after treatment for stiff shoulder was higher in the surgical group than in the conservative group (3.6% vs 0.8%, odds ratio 5.02; 95% confidence interval [CI], 2.97-8.48; P = <0.005). No clear or common definition for failure was provided by the included studies. [11] [12] [13] [14] Failure was reported as either resistance to conservative treatment, with limitations in ROM, and need for surgical management or regression to pre-operative ROM after treatment. The definitive treatment for shoulder stiffness remains unclear, and different interventions have been studied, including oral medications, corticosteroid or hyaluronic injections, exercises, joint mobilization, distension, acupuncture, manipulation under anaesthesia, nerve blocks and surgery. 67 Comparison between these techniques is difficult, as varied inclusion criteria, different treatment protocols and various outcome assessment were used. One of the major difficulties in assessing efficacy is the definition of success. 67 The ideal approach to shoulder stiffness should be prevention, but identifying patients at early stage in the course of the condition is often difficult, as patients may complain only of vague pain with terminal stretch. 68 A second important point is to avoid misdiagnosis of other shoulder disorders, such as pseudoparalytic Continued Table 4 Continued shoulder, chronic anterior shoulder luxation, neurological disorders. In fact, apparent stiffness arising from muscle weakness or because of pain inhibition can mislead the clinician. Therefore, it is important to recognize the two principal characteristics of shoulder stiffness: normal plain radiographs, and pain and physical restriction of movements of the glenohumeral joint. 10 Once diagnosed, treatment for patients with shoulder stiffness must be individualized and based on the severity and chronicity of the patient's symptoms, as well as previous therapeutic efforts. 3, 69 Reves et al. identified three phases in the natural history of shoulder stiffness: pain, stiffness and recovery. 5 Patients in different phases exhibit different symptoms, and may benefit from individualized treatment. In the freezing phase, pain is most prominent. Intra-articular corticosteroids provide rapid short-term pain relief. At 6 weeks to 9 months after onset, restricted ROM is predominant. In this phase, therapy should concentrate on increasing ROM, and mobilization techniques or distension are recommended. In the thawing phase, there is a minimum of pain and progressive improvement in ROM. As pain and muscular inhibition result in compensatory movements of the scapula, the role of adaptation of scapular motion could be important in managing rehabilitation in shoulder stiffness. Continued use of compensatory movements of the scapula to minimize pain and muscular inhibition may produce pain and dysfunction elsewhere, for example development of a kissing coracoid. 70 Therefore, after normalization of ROM and after the pain has ceased, an important goal should be to restore physiological scapular movement. 16 Traditionally, initially conservative treatment for shoulder stiffness is warranted, and most patients will experience resolution without the need of surgery. 71 In our systematic review, the most common non-operative treatment was physiotherapy alone. Suprascapular nerve block, oral glucocorticoids, NSAIDs, shock wave therapy, intra-articular and sub-acromial injections of glucocorticoids, low molecular weight hyaluronic acid, lidocaine were also were also reported. Treatment may have to be modified based on the patient's clinical response and perceived disability. Some patients tolerate a protracted conservative treatment plan with range-of-motion exercises, while others necessitate a more aggressive approach. 72 Given the protracted course of the condition, the routine use of narcotics should be avoided. Nonsteroidal anti-inflammatory medications can be effective, 73 including oral or intra-articular injections of corticosteroids. 11, 74 Adequate injections of the joint are important to prevent limited effectiveness of the treatment. 75 Patients with a stiff shoulder should be placed on an exercise program to regain ROM. The exercise program should be active assisted and ROM should be obtained complying with gentle, passive, stretching exercises. 76 These exercises should be performed four to five times per day, and should include forward elevation, internal and external rotation, and cross-body adduction. 12, 13, 42 The failure or the success of the therapy largely depends on the patient's compliance. Griggs et al. found 90% (64/ 75 patients) satisfaction with non-operative treatment, with only 7% requiring manipulation under anaesthesia or capsular release. 77 In our systematic review, conservative treatment failed in 0.8% of all included patients. Arthroscopic capsular release allows a controlled release of the contracted tissue without the risk of injury to normal structures or fractures and also provides diagnostic information on concomitant disorders such as labral tears, chondromalacia, biceps pathologies, rotator cuff tears, large anterolateral acromial spurs or calcium deposits. Arthroscopic capsular release is safe and effective to treat shoulder stiffness, even though recurrence rate can be as high as 11% at 1 year after index operation. 63 The best timing for a surgical procedure is still debated, but most surgeons agree to wait for failure of conservative measures for 6-12 months. 3 Discharge in a sling and a non rigorous post-operative rehabilitation program should also be avoided, as early post-operative regression of ROM has been reported. 35 Post-operative rehabilitation should be individualized and include four phases: early motion, active motion, strengthening and advanced strengthening. 3 Improvement in pain and function is faster after an arthroscopic treatment than any other treatment modality. 32, 49 In this systematic review, no bony or soft tissue abnormality was reported in patients treated with an arthroscopic capsular release. 58, 78 Complications for arthroscopic capsular release were post-operative infection (0.4%), post-operative osteoarthritic changes requiring replacement prosthesis (0.3%), delayed healing of the posterior portal (0.1%), diffuse brachial plexopathy (0.1%) and post-operative haematoma (0.1%). 27, 35, 44, 58, 63, 64 The relationship between diabetes mellitus and shoulder stiffness has been recognized in different epidemiological studies. [79] [80] [81] [82] [83] In this systematic review, 204 (18%) were affected. A surgical treatment modality was the option of choice for 57% of these patients. 28, 32, 40, 44, 52, 54, [57] [58] [59] 63, 64 No statistical analysis of risk of failure of stiff shoulder management or complications in patients with diabetes could be performed, given the poor quality of data of the included studies. Patients with established diabetes have a greater likelihood of developing a stiff shoulder. Frequently, these patients cannot receive adequate non-surgical treatment, as corticosteroid treatment might be contraindicated. Therefore, these patients often require a surgical procedure.
Most of the included studies concentrated on short-term results, with a mean follow up of 1.44 years (ranging from 2 weeks 39 to 20.6 years 37 ). The main limitation of the present study was that only low quality of evidence for the management of shoulder stiffness had been reported in the peer reviewed literature. Studies were at risk of bias, since they exhibited weaknesses such as deficient sample size and no randomization. Therefore, available data must be interpreted with caution. Future studies should accomplish blinding of interventions, perform concealed allocation and use blinded outcome measurements because these would improve the quality and validity of their results.
A further limitation of the included studies was that no clear or common definition for failure was provided by the included studies. Therefore, the definition of success should be standardized to provide easier comparison between different techniques.
Conclusion
Any strong clinical recommendation based on the existing published literature is difficult, as the quality of the published studies is low.
Treatment for shoulder stiffness should be individualized and based on the severity and chronicity of the patient's symptoms. Conservative treatment should always be warranted at the beginning of the pathology, and most patients will experience resolution without the need of surgery. Arthroscopic capsular release is a valid treatment options for patients who failed conservative treatment.
Further high quality randomized controlled trials are needed to support the use of either treatment modality.
